I -INTRODUCTION
In recent years it has become apparent that small flaws propagate under critical stress intensity factors lower than those measured with large cracks in specimens (SENB, DCB, DT ... ). In this respect, simulation with local effective critical stress intensity factors has yielded interesting results in time to rupture studies / I / . H.P.
Kirchner et a1 / 2 , 3 / noticed also that the decrease of rupture stress with increasing flaw size is lower than expected from a constant KIC value. They attributed that discrepancy to a monocrystalline-polycrystalline transition. R.W. Rice et a1 / 4 , 5 / proposed a smoother transition at a given flaw size, a, over grain size, D, ratio : a = a/D. T. Okada and G. Sines / 1 , 6 , 7 / observed a quite good correlation between fractographically measured flaw size and those calculated using simulation in the case of time-to-failure tests. The aim of this paper is to present results obtained by simulating the growth of small surface flaws subjected to sub-critical growth (stress corrosion). Only the propagation of semi-elliptical flaws will be considered. The interaction of growing adjacent flaws, through an interaction factor ( 8 ) , as used by T. Okada and G. Sines, will only be introduced for comparison purposes in some cases. The results will be discussed with respect to experimental data from the literature.
Simulation background
The local effective critical stress intensity factor, ~:~~(a), as proposed by R.
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Rice and u s e d by T. Okada and G. S i n e s w r i t e s :
where KC c o r r e s p o n d s t o t h e t o u g h n e s s of t h e p o l y c r y s t a l l i n e m a t e r i a l s and KC t o t h a t o f P t h e s i n g l e c r y s t a l . The v a r i a t i o n o f K :~~ a s a f u n c t i o n o f f l a w s i z e , g , i s
shown i n f i g u r e 1 f o r two v a l u e s of a.
The s u b c r i t i c a l c r a c k g r o w t h , due t o s t r e s s c o r r o s i o n , is t h u s :
where K is t h e a p p l i e d s t r e s s i n t e n s i t y f a c t o r (K = UY&). I n t h e c a s e of i n t e r a ct i n g f l a w s we would have K = z~Y&. Developing and r e a r r a n g i n g t h e p r e v i o u s equat i o n y i e l d s :
T h i s i n t e g r a l e q u a t i o n i s s o l v e d a s f o l l o w s : a t time t , we have :
where o is t h e s t r e s s r a t e . The i n s t a n t a n e o u s growth r a t e i s t h u s :
So, f o r t h e n e x t s t e p , we t a k e : a ( t + At) = a c t ) + V ( t ) A t .
The i n c r e m e n t a l t i m e s t e p , A t , i s chosen s u c h t h a t :
A o = = 0.01 MPa. 
I n p u t d a t a a r e t h o s e ;or a commercial alumina (96

-Schematic f o r t h e v a r i a t i o n of t h e l o c a l e f f e c t i v e c r i t i c a l s t r e s s i n t e n -
s i t y f a c t o r , KZff, between K' and Kc. Two v a l u e s f o r a have b e e n used.
P RESULTS F i g u r e 2 d e s c r i b e s t h e g e n e r a l f e a t u r e s o f s u c h a c r a c k p r o p a g a t i o n s i m u l a t i o n .
They a r e r e p r e s e n t e d w i t h i n logK -logV c o o r d i n a t e s b u t i n o r d e r t o a v o i d c o n f u s i o n w i t h K -V diagrams from l a r g e specimens and macrocracks (DT, DCB, ... ) , they s h o u l d 'be denoted a s c r a c k growth p a t h s . The i n s t a n t a n e o u s v a l u e s of N a r e a l s o g i v e n .
Some remarks c a n be made from t h e o b s e r v a t i o n o f f i g u r e 2. Depending on t h e s i z e of t h e i n i t i a l f l a w , it e i t h e r s t a b i l i z e s b e f o r e r u p t u r e o r becomes u n s t a b l e b e f o r e KC h a s been r e a c h e d .
T h i s h a s a l s o been o b s e r v e d by T. Okada and G. S i n e s .
The ~-1 e 8 e l of c r a c k s t a b i l i z a t i o n depends among o t h e r s on t h e v a l u e of N , t h a t of t h e s t r e s s r a t e , o r t h a t o f a,.... Other e x p e r i m e n t a l i n p u t parac r i t e r i a ( l o c a l , p o l y c r y s t a l l i g e , i n t e rm e t e r s a r e a l s o g i v e n . a c t i o n ) a r e used h e r e .
The e f f e c t of both t h e i n t e r a c t i o n parameter, 2, and t h e e f f e c t i v e l o c a l c r i t i c a l s t r e s s i n t e n s i t y f a c t o r , ~z~~, i s g i v e n i n f i g u r e 3 a s a r u p t u r e s t r e s s v e r s u s i n i t i a l f l a w s i z e p l o t . As one moves t o a f l a w s i z e dependance of both parameters t h e v a r i a t i o n o f CI v s a becomes l e s s pronounced.
A c o n s t a n c y of a w i t h v a r y i n g a can even be denoEed o v z r a l a r g e r a n g e o f i n i t i a l f l a w s i z e . T h i s f s i n complete agreement w i t h t h e r e s u l t s of T. Okada and G. S i n e s .
As soon a s s u b c r i t i c a l c r a c k growth i s i n t r o d u c e d , t h e l o c a l f r a c t u r e c r i t e r i o n , K :~~ i s changed. T h i s i s shown i n f i g u r e 4 where t h e v a r i a t i o n o f t h e l o c a l K is drawn i n t h e c a s e s : N = 31, u = 6 , P = 160 pm w i t h o r w i t h o u t t a k i n g i n t o acEount t h e f a c t o r s Z(a) and K f f ( a ) . For t h a t l e v e l of i n i t i a l f l a w s i z e , t h e c r i t i c a l d e f e c t s i z e , a , l e a % t o Keff and 0 . This g i v e s t o t h e c u r v e shown t h e same
f e a t u r e , i . e . t h z e x i s t e n c e of a platea: ( F i g . 5). 
-I n f l u e n c e o f s t r e s s c o r r o s i o n ( s u b c r i t i c a l c r a c k growth) of t h e v a r i a t i o n of t h e l o c a l e f f e c t i v e c r i t i c a l s t r e s s i n t e n s i t y f a c t o r ( t o compare w i t h f i g u r e 1 ) .
F i g . 5 -V a r i a t i o n of s t r e s s and f l a w s i z e Fig. 6 -V a r i a t i o n of K :~ w i t h i n ia t r u p t u r e a s a f u n c t i o n of i n i t i a l s i z e , t i a l f l a w s i z e and two v a f u e s f o r a.
a , f o r t h e same i n p u t p a r a m e t e r s a s i n Other p a r a m e t e r s a r e a s i n f i g u r e 4. f P g u r e 4 .
Reducing (Y (example of a l a r g e c r y s t a l encompassed by s m a l l g r a i n s w i t h r e sp e c t t o t h e mean) r e d u c e s t h e K-level and t h e w i d t h of t h e p l a t e a u . DISCUSSION AND CONCLUSION
The main f i n d i n g o f t h a t s i m u l a t i o n work i s t h a t t h e r e e x i s t a p l a t e a u o f c o n s t a n t 0 -v a l u e s o v e r a l a r g e r a n g e of i n i t i a l f l a w s i z e s . When s e v e r a l n e a r b y f l a w s a r e &owing s i m u l t a n e o u s l y , t h e i r c o a l e s c e n c e i s t h e f i n a l s t a g e of f r a c t u r e and t h e tendancy toward a p l a t e a u of c o n s t a n t a -v a l u e s becomes l e s s pronounced ( F i g . 3 ) .
The i n f l u e n c e of t h e i n t e r a c t i o n parametgr w i l l b e a n a l y s e d i n f u r t h e r work.
The p r e s e n c e of a p l a t e a u seems t o b e i n c o n t r a d i c t i o n w i t h u s u a l e x p e r i m e n t a l r e s u l t s i n t h e f i e l d of thermomechanical c e r a m i c s .
The s c a t t e r of t h e r u p t u r e s t r e s s e s i s w e l l known.
I n t h a t f i e l d t h e Weibull s t a t i s t i c (weakest l i n k t h e o r y ) h a s been t h e most used because i t was founded on t h e assumption t h a t t h e r e e x i s t s a d i r e c t and s i m p l e c o r r e l a t i o n between t h e f l a w s i z e , a , and t h e r u p t u r e s t r e s s , a i .e. q O: KIC/&, where KIC i s c o n s i d e r e d t o b e a c o n s t a n t . -N a t u r a l f l a w s I n t r o d u c i n g t h e l o c a l e f f e c t i v e v a l u e o f t h e s t r e s s i n t e n s i t y f a c t o r , ~z~~( a ) , could e x p l a i n t h e r e s u l t s of H.P.
Kirchner e t a 1 / 3 / i . e .
t h e r u p t u r e s t r e s s d e c r e a s e s much l e s s a s e x p e c t e d when t h e f l a w s i z e i n c r e a s e s . E f f e c t i v e l y t h e s m a l l f l a w s become i n s t a b l e a t much lower K -v a l u e s t h a n l a r g e o n e s . On t h e o t h e r hand i f C one observed t h e r e s u l t s of S.G. S e s h a d r i and M. S r i n i v a s a n 191, t h e s c a t t e r of t h e a -r e s u l t s c a n n o t b e reduced by u s i n g two d i f f e r e n t f r a c t u r e c r i t e r i a . T h i s may be understood i n terms of t h e m i c r o s t r u c t u r a l d i v e r s i t y of each flaw. Such n a t u r a l f l a w s , i . e . p o r e s , l a r g e c r y s t a l s , a g g r e g a t e s , may have v a r i o u s m i c r o s t r u ct u r a l s u r r o u n d i n g s . A l a r g e p o r e h a s f r e e s u r f a c e s and t h u s s p e c i f i c t h e r m a l expans i o n r e s i d u a l s t r e s s e s .
A l a r g e c r y s t a l i s m o s t l y encompassed by s m a l l c r y s t a l s a n d , u n l i k e a c l u s t e r of s i m i l a r c r y s t a l s , h a s a l s o o t h e r r e s i d u a l t h e r m a l s t r e ss e s .
I n t h e v i c i n i t y o f e a c h inhomogeneity, t h e chemical composition o f t h e g r a i n b o u n d a r i e s i s l i k e l y t o b e d i f f e r e n t from t h e b u l k of t h e m a t e r i a l . As a consequenc e each f l a w o r t y p e o f f l a w s w i l l have i t s own s e t of (A, N , ci ) v a l u e s and t h e p l a t e a u s of c o n s t a n t a -v a l u e s w i l l b e s h i f f t e d . F i g u r e 6 g i v e s t h e r e s u l t s of v a r y i n g t h e v a l u e o f a ;'the s h i f t o f t h e c o n s t a n t a -p l a t e a u i s w e l l d e f i n e d . T h a t c a s e would w e l l d e s c r i b e a l a r g e c r y s t a l surrounded gy s m a l l c r y s t a l s . Taking i n t o a c c o u n t t h e l o c a l t h e r m a l r e s i d u a l s t r e s s e s i n s u c h a c a s e would need a d d i t i o n a l i n v e s t i g a t i o n .
